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ABSTRACT 
In this article we have reported physico-chemical study of 2-((3-methyl -5- oxo -1- phenyl 
-4,5-dihydro-1H-pyrazol-4-yl)(phenyl)methylene)hydrazinecarbothioamide with various metal ions such as Cu(II), Cr(II),  
Mn(II), Pd(II), Co(II), Ni(II), Pb(II) and Hg(II) by two methods spectrophotometry and  conductometry. The study said that 
metal:ligand ratio is 1:1 and the further conformation is done by spectral analysis.  We have also screened our compounds for 
antibacterial, antifungal and antimalarial activity. 
   Keywords: pyrazolone-thioemicarbazone, metal complexes, physico-chemical study, antibacterial, antifungal,  antimalarial 
activity. 
INTRODUCTION 
Pyrazolone and their derivatives are exhibiting exceptional 
biological and pharmacological properties [1, 2]. Recently, 
pyrazolone thiosenicarbazones and their metal complexes were 
synthesized for photochromic applications [3, 4] and other several 
of properties such as antitumor, antimicrobial, and antiviral 
activities [5, 6]. Literature review reveals that very little work, 
have been reported on biological studies, like DNA binding 
cleavage [7, 8], kinetic study (ligand - M-complexes) [9, 10], 
inhibition study [11].  
 As per literature we have found that two physico-chemical 
studies, UV-vis spectrophotometry and conductometry at 15°C, 
25°C, 35°C and 45°C temperatures were not reported so we have 
carried out to find the metal:ligand ratio through the said 
techniques. Which are further confirmed by molar conductance vs. 
mole ratio, molar mole ratio techniques and Benesi-Hildebrand 
approach as well as spectral analysis comparison with complexes 
of the complex formation method. In the present study, we have 
also synthesized  metal-ligand complexes of  2-((3-methyl -5- oxo 
-1- phenyl -4,5-dihydro-1H-pyrazol-4-yl) (phenyl) methylene) 
hydrazine carbothioamide with eight metal ions like Copper(II), 
Chromium(II),  Manganese(II), Palladium(II), Cobalt(II), 
Nickel(II), lead(II) and Mercuric(II) in  methanol by solid 
complex formation method and characterized by IR,1H NMR, 
Mass Spectroscopy and TGA analysis.  
Experimental 
Materials and solutions  
 Analytical grade salts of metal ions, CuCl2.6H2O, CoCl2. 
6H2O, Pb(NO3)2.6H2O, NiCl2.6H2O, PdCl2.6H2O, CrCl2.6H2O, 
MnCl2 .6H2O, HgCl2 .6H2O and HPLC gradient grade methanol 
were procured from  Sigma Aldrich  with purity of > 99 %. The 
conductivity of solvent was < 3.0 × 10-7 Scm-1 at 25°C 
temperature. All reagents Ethyl acetoacetate, Phenyl hydrazine, 
Benzoyl chloride, Calcium hydroxide, 1, 4 Dioxane and Glacial 
acetic acid were purchased from finar chem. Ltd., Ahmadabad.  
Instrumentation and conditions 
 The electronic absorption spectra were recorded in the 
region of 200–800 nm is using UV-visible spectrophotometer 
model JASCO V-530 with quartz cell of 1.0 cm path length. The 
spectra were recorded at a scan speed of 400 nm min-1. The 
conductance measurement was carried out by using Metrohm 856 
conductivity unit. The conductivity cell was calibrated with KCl 
solution in the appropriate concentration. A dip-type-cell having a 
cell constant of 0.98 cm-1 was used. A thermostated water-bath 
was used to maintain a constant solution temperature at the desired 
significance having an accuracy of ± 0.5°C. Analytical balance, 
Sartorius GD503 (Bradford, MA, USA) having a readability of 
0.0001 g was utilized for weighing of samples.  
1H-NMR spectra were measured in DMSO-d6, using 
BRUKER, KP-B-01 NMR spectrometers and Thermal Analysis, 
at the National Facility for Drug Discovery Center, Rajkot. 
Infrared (IR) spectra were recorded on SHIMADZU with KBr 
pellets at Vaibhav analytical services Ahmadabad. Mass spectra 
were reported at Synzeal research laboratory, Gandhinager. 
Melting point was measured with a TECH XT-5 a melting point 
apparatus.  
Synthesis of ligands  
Synthesis of pyrazolone : Green, synthesis of 
5-Methyl-2-phenyl-1, 2-dihydro pyrazol-3-one (PMP) was 
prepared by the standard method [12]. m.p. 126 - 128°C, yield= 
82%. IR (KBr) νmax /cm
-1: 3128, 1770, 1607, 1525, 1498, 976. 
Synthesis of 4-Benzoyl-3-methyl-1-phenyl-1H-pyrazol 
-5(4H)-one (PMBP): The PMBP was synthesized according to 
the modified method which was reported previously [13]. The 
preparation of PMBP from PMP (0.1 M) in 1,4-dioxane (5 mL) 
and Ca(OH)2 (0.15 M) was added to this solution  and then the  
Benzoyl chloride (0.1 M) was added drop wise, the reaction 
mixture was  exposed to microwave irradiation (power input 360 
W) for 15 min. Upon completion, the mixture was cooled to room 
temperature and poured into cold HCl (50 mL 2M) with constant 
stirring. Reaction progress examined on the TLC plate in Ethyl 
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acetate: Hexane (3:2) as the mobile phase. m.p. = 90°C, yield = 
95%, MS: m/z 279 [M+1]+, molecular formula: C17H14N2O2, 
1H 
NMR (400 MHz, DMSO-d6): δ = 7.754-7.301(m, 10H), 
2.505-2.234 (s, 3H), 3.173(s, 1H). 
Synthesis of (Z)-2-((3-methyl -5- oxo -1- phenyl -4,5- dihydro- 
1H-pyrazol-4-yl) (phenyl) methylene) 
hydrazinecarbothioamide: Synthesis of PMBP-TSC was 
obtained by a mixture of the PMBP (5 mM) and 
thiosemicarbazide (5 mM) in ethanol (5 mL) and glacial acetic 
acid as a catalyst (1 mL)[14]. The reaction mixture was irradiated 
in microwave oven for the 6–8 min at 300 W power output. 
Reaction progress examined on the TLC plate in Ethyl acetate: 
Petroleum ether (2:4) as the mobile phase. m.p = 203°C, yield = 
90%, MS = m/z 351.7 (M+), molecular formula: C18H17N5OS, 
1H 
NMR (400 MHz, DMSO): δ = 10.407 (s, 1H, -N(H), δ =9.37(s, 
2H, -NH2, 8.674-7.094(m, 10H, phenyl), δ = 3.168 (s, 1H, CH),   δ 
= 2.51, 2.106 (s, 3H, CH3).  
Physico-chemical methods 
Conductometric titration: In a typical experiment, a 50 mL of 
the metal salt (2.0 × 10-4 M) solution in methanol was placed in the 
titration cell. To maintain a constant temperature, it was joined to 
a thermostated circulator water bath and the conductance of the 
solution was measured. Then a known amount of ligand in 
methanol (0.5 mL, 2.0 × 10-3 M)  was added in a stepwise manner 
using a calibrated microburrate and the conductance of the 
solution was measured after string of each addition  (1.0 min) and 
thermal equilibration. The experimental error in the temperature 
was minimized to ± 0.5°C. The similar process was followed at 15, 
25, 35, and 45°C temperature, and the conductometric data were 
used for the calculation of the formation constant of the complexes 
in methanol at the preferred temperatures. 
Spectrophotometric measurements: The stoichiometries of 
PMBP-TSC - Mn+ complexes were determined by the molar ratio 
method [15] and Benesi-Hildebrand approach [16]. For mole ratio 
method, 0.2 mL (2.0×10-3 M) of the ligand solution in methanol 
was placed in the spectrophotometer unit and measured its 
absorbance. Then a series of fixed amounts of metal ions (2.0×10-4 
M) was added in a stepwise by using 10 mL micropipette and after 
each addition of the solution the absorbance was measured at the 
respective wavelength maximum (λmax). The metallic solution was 
added to the M: L was achieved at room temperature. For 
spectrometric titration , the metal ion concentration were kept 
constant at 2.0×10-5 M and ligand was changed from 1.0×10-3 M 
and 1.0×10-2 M. The metal- ligand mole ratio (CM:CL) obtained in 
this case varied from   0.2 to 2. 
 
RESULTS AND DISCUSSION   
The conductometric study of PMBP-TSC with the metal 
salts of Cu+2, Pd+2, Co+2, Ni+2, Mn+2, Cr+2, Pb+2, Hg+2 ions. The 
molar conductance (Ʌm) of the solution was monitored as a role of 
mole ratio of [L]/[M] in a pure methanol at different temperatures 
(15°C, 25°C, 35°C and 45° C) is shown in figure 1 (A-H). The plots 
(fig. 1) Show one evident graph; suggestive of that the probability 
stoichiometric ratio of complexes is M: L. In the all cases, the 
graphs of the corresponding Ʌm vs. [PMBP-TSC]/ [M
+n] plots 
change sharply at the point, where the ligand to cations mole ratio 
is one and its stable complex formation is 1:1. Such a conductance 
behavior is indicative of the formation of ML complexation. The 
1:1 complexation of metal ion with ligand can be given by 
following equilibrium equation. 
 
(Mn+, nCl−/NO3
−) +     nL    ⇄          [MLn+]   +    nCl−     (1)   
Mn+   +    L          ⇄              MLn+                                          (2) 
 α[M]t [L]t − (1 − α)[M]t             (1 − α)[M]t               (3)  
 
Where, L, Mn+, ML are ligand (PMBP-TSC), cation and complex 
respectively.  
The complex formation constant of the complexes at each 
temperature was obtained from the deviation of molar 
conductance as a function of [L] t/[M] t molar ratio plots using an 
origin computer program. The specifics of calculation of the 
complex formation constants Kf equation (4) of complexes by the 
conductometric method can be described as [17-20]. The values of 
the stability constant (log Kf) complexation of metal ion and 
ligand are listed in Table 1.  
kf =
[MLn+]
[Mn+] [L]
=
ɅM−Ʌobs
(Ʌobs−ɅML)[L]
                                     (4)   
Where,    ɅM = the molar conductance of the M
+n before adding of 
ligand, Ʌobs = the molar conductance of the solution for the period 
of titration. ɅML = the molar conductance of the complex, [L] = 
the molar conductance of free ligand.  
 
Synthesis of solid metal complexes 
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Figure-1: Molar conductance (S cm2 mol-1) vs. [L]/[M2+] graph for (A) Cu+2, (B) Pd+2, (C) Co+2, (D) Ni+2, (E) Mn+2, (F) Cr+2, (G) Pb+2, 
(H) Hg+2 at (■)15°C, (●)25°C, (▲)35°C, (▲)45°C temperature  in  pure MeOH . 
Table 1. Thermodynamic parameters and formation of the stability constant (log Kf) for metal–ligand complexes in methanol at different 
temperature  
Cation 
 
log Kf Thermodynamic parameters (25
°C) 
15°C 
Temp. 
25°C 
Temp. 
35°C 
Temp. 
45°C 
Temp. 
-∆G °c 
(kJ mol-1) 
∆H°c 
(k Jmol-1) 
∆S°c 
(Jmol-1 K-1) 
Cu+2 2.412 
 
2.440 
 
2.479 
 
2.499 
 
6.920 
 
2.313 30.98 
Pd+2  3.001 
 
3.0732 
 
3.111 
 
3.145 
 
8.816 
 
5.948 49.54 
Co+2  2.497 
 
2.563 
 
2.647 
 
2.707 
 
7.354 
 
5.452 42.97 
Ni+2  2.648 
 
2.657 
 
2.6611 2.664 
 
7.622 
 
0.743 28.07 
Mn+2  2.657 
 
2.666 
 
2.678 
 
2.693 
 
7.648 
 
0.743 28.15 
Cr+2  2.705 
 
2.723 
 
2.730 
 
2.735 
 
7.812 
 
1.487 31.20 
Pb+2 2.599 2.632 2.657 2.677 7.551 2.726 34.48 
Hg+2   2.531 2.580 
 
2.615 
 
2.650 
 
7.403 
 
4.007 38.28 
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Figure 2: The van’t Hoff’s plots of lnKf vs. 1000/T for M
n +– L complexes, (A) Cu+2,(B) Pd+2, (C) Co+2, (D) Ni+2, (E) Mn+2, (F) Cr+2, (G) 
Pb+2, (H) Hg+2 in methanol.  
 
 
Figure 3: Spectrophotometric abshorption spectra of PMBP-TSC-metal ions in methanol (A) Cu+2 (B) Pd+2 (C) Co+2 (D) Ni+2 (E) Mn+2 
(F) Cr+2(G) Pb+2 (H) Hg+2 and (1) Metal,  (2) ligand, (3) M-complexes.  
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The thermodynamic information in table 1 representation that, the 
negative values of free energy (ΔG°) specify that the complexation 
process is spontaneous. ΔH° for the formation of complexes with 
Cu2+, Pd2+, Co2+, Ni2+, Mn2+, Cr2+, pb2+ and Hg2+ is positive. It 
means that the formation of these complexes is enthalpy desirable 
in all cases the complexes. The values for thermodynamic 
quantities ΔH° and ΔS° were computed from the slopes and 
intercepts of the corresponding lnKf vs. 1000/T plots (fig. 2) by 
applying a linear least square analysis according to the van’t Hoff 
equation (5). 
2.303 log Kf = − (
∆H
RT
) + (
∆S
R
)                 (5)   
Spectrophotometric study 
The absorption spectra of PMBP-TSC, metal ions and its 
respective complexes in methanol in the wavelength range 
200-400 nm are shown in (fig. 3). A wavelength shift of about 10 
nm towards longer wavelength was observed for all the complexes 
from the ligand spectra in methanol. 
The stoichiometry of the metal complexes was examined by the 
mole ratio method. Samples of the resulting plots for all eight Mn+- 
L complexes are shown in (fig.5), and it is clear that 1:1 (metallic 
ions to ligand) complexes are formed in solution. All the resulting 
absorbance -mole ratio data were best fitted to the equation (6), 
which extra support the formation of ML complexes in solution.  
𝐾𝑓[𝐿]
2 + (1 + 𝐾𝑓(𝐶𝑀 − 𝐶𝐿)) [𝐿] − 𝐶𝐿
= 0                                                                                         (6) 
The complexation formation constant from spectrometric titration 
was calculated using Benesi-Hidebrand plot (equation-7)  
𝐶𝐿×𝐶𝑀
𝐴
 =
 
1
𝜀𝐾𝑀𝐿
 +
 
(𝐶𝐿+𝐶𝑀)
𝜀
                                                                                                                        (7)   
Fig-7 represented the spectrophotometry titration Plotting 
CM×CL/A verses CM+CL for eight ML-complexes straight lines 
were produced and interpreting our result of the formation of 
1:1complexes [M: L] [21]. In this graph of being the formation 
constant in Table-2 which is equal to (slope/intercept) and εML is 
the molar adsorption co-efficient of the complex which is equal to 
(1/slop). From the results it is clear that the stability of the M-L 
complexes vary in the order Pd+2 > Cr+2 > Ni2+ > Mn+2 > Pb+2 > 
Hg+ > Co+2 > Cu+2 at 25°C temperature.  
Synthesis of solid metal-complexes formation. 
The following general method was used in the synthesis of metal 
complexes, metal salts  
(CuCl2.6H2O, CoCl2·6H2O, Pb (NO3) 2·6H2O, NiCl2·6H2O, 
PdCl2·6H2O, CrCl2·6H2O, MnCl2 · 6H2O, HgCl2.6H2O) was 
added respectively to a 25 ml of methanolic solution of the legend 
(PMBP-TSC) in 1:1 mole ratio. The resulting mixture was heated 
at 60-70°C on a water bath for 30-40 min. The obtained colored 
precipitate was filtered off, washed with diethyl ether and finally 
dried and purified by ethanol.  
 
 
 
Table 2: Stoichiometry ratio of Mn+ - L complexes in MeOH using from the conductomeric titration and mole ratio methods at 25ºC 
temp. 
Complex  
 
UV- vis. 
 λmax, nm 
logKf Stoichiometry Ʌm 
(S cm2 mole-1) 
spectrophotometry  condctometry M.R Cond. 
Cu2+ 249 2.87 2.440 1:1 1:1 48.3 
Pd2+ 235 3.27 3.020 1:1 1:1 17.2 
Co2+ 250 3.029 2.515 1:1 1:1 72.3 
Ni2+ 250 3.228 2.603 1:1 1:1 30.0 
Mn2+ 246 3.249 2.619 1:1 1:1 79.7 
Cr2+ 238 3.25 2.634 1:1 1:1 85.6 
Pb2+ 245 3.20 2.549 1:1 1:1 14.3 
Hg2+ 243 3.13 2.529 1:1 1:1 106.4 
 
Table 3: IR data for ligand PMBP-TSC and their metal-complexes. 
No. (NH2) N-H phenyl Pyr. ring C=S O-H C=N N-N (M-S) 
Ligand 3340 3153 1556,1496 1475 837,750 3440 1593 1093 - 
C-1 3284 - 1560,1523 1477 858,746 3639 1598 1090 495 
C-2 3367 - 1566,1521 1483 854,792 3608 1598 1072 497 
C-3 3406 - 1562 1492 852,796 3527 1597 1074 505 
C-4 3331 - 1523 1496 846,788 - 1560 1074  486 
C-5 3344 - 1494 1475 835,748 3506 1570 1122 491 
C-6 3334 - 1494 1475 835,748 3462 1590 1072 499 
C-7 3294 - 1500 1419 835,758 - 1560 1068 493 
C-8 3280  1544 1498 839,758 3460 1598 1058 491 
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Table 4: 1H NMR data for data for ligand PMBP-TSC and their metal-complexes. 
Ligand/ 
comlpex 
N(4)H Methyl 
proton(ppm) 
Aryl 
protone(ppm) 
HC=N N(5)H 
Ligand 10.407 1.90 7.09-7.90 9.37 8.67 
C-1 - 1.14 7.17-7.95 3.61 7.97 
C-2 - 1.78 7.18-7.97 3.39 8.35 
C-3 - 1.72 7.00-8.26 3.38 8.30 
C-4 - 1.80 7.42-7.99 3.42 8.37 
C-5 - 1.32 7.15-7.65 3.77 9.94 
C-6 - 1.62 7.21-7.96 3.84 9.03 
C-7 - 1.99 7.33-7.83 3.56 8.32 
C-8 - 1.24 7.11-7.71 3.46 7.82 
Table 5: Structural formula of the ligand and their M-complexes with respective mass spectral analysis. 
No. M-complex/ Ligand structure Molar mass 
PMBP-TS
C 
 
(Z)-2-((3-methyl-5-oxo-1- phenyl  
-4,5-dihydro-1H-pyrazol-4-yl) 
(phenyl)methylene) 
hydrazinecarbo thioamide. 
 
 
C18H17N5OS  
 
MS = m/z: 351.7(M+) 41%.  
 
Formula weight = 351.43 
PMBP-TS
C-Cu 
(((Z,Z)-N’-((3-methyl-5-oxo-1-phenyl-4
,5-dihydro-1H-pyrazol-4-yl)(phenyl)me
thylene) 
carbamohy drazonoyl)thio) 
copper(II) chloride. 
 
C18H16ClCuN5OS 
 
MS = m/z: 448[M-1]+ 15%, 
447[M-2] + 57%. 
 
Formula weight = 449.24 
PMBP-TS
C-Pd 
(((Z,Z)-N’-((3-methyl-5-oxo-1-phenyl-4
,5-dihydro-1H-pyrazol-4-yl)(phenyl)me
thylene) 
carbamohydrazonoyl)thio)Palladium(II)
chloride. 
 
C18H16ClN5OPdS 
 
MS = m/z: 491.9(M+) 30%, 
493.9[M+1]+20%, 
490.9[M-1]+24%, 489.9[M-2] 
+36%. 
Formula weight =492.29 
PMBP-TS
C-Co 
(((Z,Z)-N’-((3-methyl-5-oxo-1-phenyl-4
,5-dihydro-1H-pyrazol-4-yl)(phenyl)me
thylene) 
carbamohy drazonoyl)thio) 
cobalt(II)chloride. 
 
C18H16ClCoN5OS 
  
Mass = m/z: 444.01(M+) 13%. 
 
Formula weight =444.80 
PMBP-TS
C-Ni 
(((Z,Z)-N’-((3-methyl-5-oxo-1-phenyl-4
,5-dihydro-1H-pyrazol-4-yl)(phenyl)me
thylene) 
carbamohy drazonoyl)thio) 
nickel(II)chloride. 
 
C18H16ClN5 NiOS 
 
MS = m/z: 442.0[M-1] + 66%, 
441[M-2] +36%. 
 
Formula weight =443.5 
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PMBP-TS
C-Mn 
(((Z,Z)-N’-((3-methyl-5-oxo-1-phenyl-4
,5-dihydro-1H-pyrazol-4-yl)(phenyl)me
thylene) 
carbamohy drazonoyl)thio) 
manganese(II)chloride. 
 
C18H16ClMnN5OS 
 
MS = m/z: 440(M+)8%, 
438.9[M-1]+8%, 437.8[M-2] 
+14%. 
Formula weight =440.81 
PMBP-TS
C-Cr 
(((Z,Z)-N’-((3-methyl-5-oxo-1-phenyl-4
,5-dihydro-1H-pyrazol-4-yl)(phenyl)me
thylene) 
carbamohydrazonoyl)thio)chromium(II)
chloride. 
 
C18H16ClCrN5OS 
MS = m/z: 438[M+1]+ 10%. 
 
Formula weight = 437.87 
PMBP-TS
C-Pb 
(((Z,Z)-N’-((3-methyl-5-oxo-1-phenyl-4
,5-dihydro-1H-pyrazol-4-yl)(phenyl)me
thylene) 
carbamohydrazonoyl)thio)lead(II)nitrite
. 
 
 
 
C18H16N6O3PbS 
 
MS = m/z:    558[M-46] +  [23] 
 
Formula weight = 603.6 
PMBP-TS
C-Hg 
(((Z,Z)-N’-((3-methyl-5-oxo-1-phenyl-4
,5-dihydro-1H-pyrazol-4-yl)(phenyl)me
thylene) 
carbamohydrazonoyl)thio)mercury(II)c
hloride. 
 
C18H16ClHgN5OS 
 
MS = m/z: 586.2(M+) 22%, 
588.2[M+1] +26%. 
 
Formula weight =586.46 
 
Table 6: Thermal data of the ligand and M-complexes (C-1 to C-8). 
Complex m.p  
(°C) 
 
Color Temp. 
 Rang 
 (°C) 
% Mass loss   Expected nature of  
decomposition 
found Calcd. 
[Cu(PMBP-TSC). H2O]  235 
 
Green 100 
200 
600 
0.87 
5.04 
77.27 
- 
4.01 
78.13 
-  
Loss of One coordinated H2O  
Loss of  ligand part  
  
[Pd(PMBP-TSC).H2O] H2O >350 
 
 
Orange 100 
200 
800 
3.31 
7.09 
67.09 
3.65 
7.31 
71.09 
Loss of One hydrated H2O  
Loss of one co-ordinated H2O  
Loss of  ligand part  
   
[Co(PMBP-TSC).3H2O]  281 Grey 100 
200 
800 
0.62 
11.38 
66.34 
- 
12.14 
62.72 
-  
Loss of three coordinated  H2O  
Loss of  Pyrazolone  moity  
[Ni(PMBP-TSC).2H2O ]   348 Dirty 
green 
100 
200 
850 
2.04 
9.21 
80.43 
- 
8.1 
78.72 
-  
Loss of two coordinated H2O  
Loss of  ligand part  
  
[Mn(PMBP-TSC).H2O] 
 
215 Brown 100 
200 
800 
0.95 
5.48 
80.21 
- 
4.08 
79.62 
- 
 Loss of one coordinated H2O  
Loss of  ligand part  
  
[Cr(PMBP-TSC).3H2O].  
H2O 
220 Dark 
green 
100 
200 
800 
6.29 
12.18 
77.92 
4.12 
12.33 
80.16 
Loss of one  H2O   
Loss of three coordinated H2O  
Loss of  ligand part  
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[Pb(PMBP-TSC)] 185 Yellow 100 
200 
800 
0.7 
2.65 
60 
- 
- 
62.65 
-  
- 
Loss of  ligand part  
[Hg(PMBP-TSC) .H2O]  206 Light 
yellow 
100 
200 
400 
1.17 
3.52 
60 
- 
3.14 
59.47 
-  
Loss of  one coordinated H2O  
Loss of  ligand part 
 
Table7: The antimicrobial activity of metal complexes in (µg/mL). 
T Antibacterial Antifungal Antimalarial) 
P.aeruginosa 
MTCC 1688 
S.aureus 
MTCC96 
S.pyogenus 
MTCC 442 
C.albicans 
MTCC227  
A.clavatus 
MTCC282 
P.falciparum 
Mean IC50   
C-1 500 500 500 >1000 500 1.06 
C-2 200 125 200 500 1000 1.44 
C-3 200 100 100 1000 >1000 1.19 
C-4 250 200 125 500 >1000 0.87 
C-5 200 250 250 1000 500 1.53 
C-6 100 250 125 500 500 0.87 
C-7 200 500 550 1000 >1000 0.98 
C-8 100 250 250 1000 >1000 1.47 
Ampicilin 100 250 100 - - - 
Greseofulvin  - - - 500 100 - 
quinine - - - - - 0.28 
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 Figure  4: Mole ratio plots of absorbance vs. [L] /[M]  for (A) Cu+2 (B) Pd+2 (C) Co+2 (D) Ni+2 (E) Mn+2 (F) Cr+2(G) Pb+2 (H) Hg+2  in 
methanol of respective complex wavelength at R.T.  
Characterization of complexes 
IR spectra 
The IR spectra of ligand and their complexes are summarized in 
table 3. IR spectrum shows an important band at ~ 3300 cm-1, 
~1475 are assigned to v(NH2) and  pyrazolone ring  in ligand as 
well as complexes. The strong band v(N-H) at ~3100 cm-1. After 
complexation, these band missing in the complex, but new bands 
at ~ 748-780 cm-1 for v(C-S) from these observations, it is 
concluded that the ligand react in thio-enol form of enolic protons 
which are replaced by metal ion in the complexes. In the low 
frequency at ~490-505 cm-1 region is v(M-S) bond. IR spectra of 
the ligand and complexes discovered band at ~1560-1590 cm-1 
observed to v(C = N). The band for v(N-N) is observed at 
~1070-1090 cm-1.  
1
H NMR spectra  
 
1H NMR data of the ligand and all complexes were recorded in 
DMSO-d6 solution show in table 4 and fig 6. The ligand and their 
complexes appeared as a singlet in the range 3.30-3.85 ppm due to 
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methyl proton. In several cases, it is complicated to assign each 
signal to a particular methyl when the signals of CH3 groups 
overlapped. The aromatic protons for the ligand observed as a 
multiplet at 7.09-7.90 ppm. During the complexation, these 
signals appeared at 7.10-8.00 ppm. The signal due to the -N(4)H 
proton for the ligand at 10.40 ppm which disappears in the in all 
metal complexes. On complexation, -N(5)H signal shifted. 
Mass spectra  
 The structure of ligand (PMBP-TSC) and metal complexes 
conformed from mass spectra, which shown in table 5 with their 
steady molecular ion peak (m/z) and the intensity (%) respectively.
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Figure 5: Benesi -Hildebrand graph of M-L complexes.    
 
Figure-6:1H NMR results for ligand (T-1) and metal complexes (C-1 to C-8). 
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Thermal studies 
In the present study, heating rates were suitably controlled at 100 
[mL min-1] under nitrogen atmosphere the temperature range of R. 
T. –1000°C using an aluminum cell the thermol gravimatric 
analysis results of all complexes   described in table 6. The result 
showed the metal complexes C-1 to C-8 degradation essentially in 
three stages. The first stage appeared within   the temperature 
range of R.T.-100°C, which may explanation for the loss of 
hydrated water molecules and the second stage appeared within 
the temperature range 100-200°C was due to the removal of 
coordinated water molecules. In the third stage, metal complexes 
C-1 to C-7 at ~ 600-800°C and C-8 at the 400°C temperature 
range corresponds to the decomposition of a ligand part with 
theoretical and calculated mass loss value in %.  
Biological 
Here we have used previously reported methods for screening. 
Antibacterial [23], antifungal [23]  and anti-malarial activities 
[24] of all metal complexes were shown in table 7. The results 
were compared with standard drug ampicillin for antibacterial 
activity, greseofulvin for antifungal activity and quinine for 
anti-malarial activity. 
Compound C-2 exhibit moderate activity against P. aeruginosa 
(MTCC 1688). Compound C-2, C-3, C-4, C-6 shown good 
activity where compound C-5, C-8 exhibit moderate activity 
against S. aureus (MTCC 96). Compound C-3 exhibit moderate 
activity against S. pyogenus (MTCC 442). Compound C-2, C-4 
and C-6 exhibit moderate activity against C. albicans. The 
anti-malarial activity of all compounds is good, but not higher 
than the standard.  
 
CONCLUSIONS 
 The stability constants of the complex formation were 
investigated by applying the UV-vis spectrophotometry and 
conductometric method at different temperatures. Based on the 
results, the 1:1 (Metal: PMBP-TSC) complex stoichiometry and 
stability order of the metal complexes is Pd+2 > Cr+2 > Ni2+ > Mn+2 
> Pb+2 > Hg+ > Co+2 > Cu+2 at 25°C  temperature as evaluated by 
these techniques. 
In this thermodynamic study, the negative value of the ΔG 
suggested that the ligand is capable of forming stable complexes 
and that the process will proceed spontaneously, while the positive 
sign of the entropy shows that ΔS is the driving force of the 
complexation reaction in this complex formation. These facts 
mean that ΔG is always negative and ΔS are always positive. 
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